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Ðàçðàáîòàíà íàóêîåìêàÿ ðåñóðñîñáåðåãàþùàÿ òåõíîëîãèÿ ïîñåâà ñåìÿí ðàçëè÷íûõ ñåëüñêîõîçÿéñòâåííûõ êóëü-
òóð ñ îäíîâðåìåííûì íåêîíòàêòíûì âíåñåíèåì ñåìÿí è óäîáðåíèé â óñëîâèÿõ íåäîñòàòî÷íîãî óâëàæíåíèÿ ñ 
èñïîëüçîâàíèåì ñîçäàííûõ óïðàâëÿåìûõ ñèñòåìíûõ áëîêîâ ê ïîñåâíûì è ïî÷âîîáðàáàòûâàþùèì ìàøèíàì è 
àãðåãàòàì. Ñåìåíà è óäîáðåíèÿ ðàçìåùàþòñÿ íà ðàçíîé ãëóáèíå çàäåëêè ñ ñîçäàíèåì óïëîòíåííîãî ïî÷âåííî-
ãî ëîæà äëÿ ñåìÿí, âûïîëíÿåìîãî â ïîäïî÷âåííîì ãîðèçîíòå â ñîîòâåòñòâèè ñ àãðîòåõíè÷åñêèìè òðåáîâàíè-
ÿìè. Äëÿ ñíèæåíèÿ ýíåðãîïðîöåññîâ â ïî÷âîîáðàáàòûâàþùèå ïîñåâíûõ ìàøèíàõ â ìåõàíè÷åñêèå óñòðîéñòâà 
âíåñåíû èëè ïîëíîñòüþ çàìåíåíû ýëåêòðè÷åñêèå èëè ýëåêòðîííûå àíàëîãè, óïðàâëåíèå êîòîðûìè îáåñïå÷åíî 
ïîäñèñòåìàìè ÷àñòîòíîãî óïðàâëåíèÿ ðàáî÷èìè ïðîöåññàìè, àäàïòèðîâàííûìè ê ñâîéñòâàì ñåìÿí è óñëîâèÿì 
ôóíêöèîíèðîâàíèÿ àãðåãàòîâ. Â ïðîöåññå âûñåâà ñåìåíà óäîáðåíèå è ïîäãîòîâëåííîå ëîæå äëÿ ñåìÿí ñ çàäàí-
íûìè àãðîòåõíè÷åñêèìè óñëîâèÿìè ïîäâåðãàþòñÿ âîçäåéñòâèþ ÷àñòîòíîãî ïîëÿ, èçìåíÿþùåãî êàê ãðàíè÷íûå, 
òàê è îáúåìíûå ñèëû, âîçíèêàþùèå â ðåæèìàõ òåõíîëîãè÷åñêèõ ïðîöåññîâ. Ðàáî÷àÿ ãèïîòåçà âûäâèíóòà î òîì, 
÷òî ðàâíîìåðíîñòü îäíîâðåìåííîãî âûñåâà ñåìÿí è óäîáðåíèé ñ ðàçëè÷íûìè íîðìàìè âûñåâà ìîæåò áûòü äî-
ñòèãíóòà ïóòåì ïðèâåäåíèÿ ïëîòíîñòè ìàòåðèàëîâ ê èäåíòè÷íîìó âèäó â âèáðàöèîííîì ïîëå, îáåñïå÷èâàþùåì 
óñòîé÷èâîå ïðîòåêàíèå ñêîðîñòè èñòå÷åíèÿ ìàòåðèàëà è ðàâíîìåðíîñòè åãî ìàññîâîãî ðàñõîäà. Îïðåäåëåíû íå-
êîòîðûå ïàðàìåòðû ðàáî÷èõ îðãàíîâ, âûïîëíÿþùèõ àãðîòåõíè÷åñêèå ïðîöåññû ñ âèáðàöèåé òåõíè÷åñêèõ ñèñòåì 
ïðè âûñåâå ìàòåðèàëîâ è ñîçäàíèè óïëîòíåííîãî ëîæà äëÿ ñåìÿí. Ïðåäñòàâëåíû âàðèàíòû ðàçðàáîòàííûõ òåõíî-
ëîãè÷åñêèõ óñòðîéñòâ, êàê âíîâü ñîçäàííûõ, òàê è ïåðåîáîðóäîâàííûõ ñóùåñòâóþùèõ áàòàðåé ñî ñôåðè÷åñêèìè 
äèñêàìè, ñíàáæåííûìè ãèäðîïíåâìîöèëèíäðàìè, îáåñïå÷èâàþùèìè äåìïôèðîâàíèå êîëåáàíèé ðàáî÷èõ ýëåìåí-
òîâ äëÿ ñíèæåíèÿ ðàâíîìåðíîñòè ïîñåâíîãî ëîæà. Ïîêàçàíû óðîâíè ñîîòâåòñòâèÿ ïîêàçàòåëåé òåõíîëîãè÷åñêèõ 
ïðîöåññîâ, âûïîëíåííûõ ðàçðàáîòàííûìè óñòðîéñòâàìè, àãðîòåõíè÷åñêèì òðåáîâàíèÿì íà ïîñåâ. 
Êëþ÷åâûå ñëîâà: âèáðàöèÿ, óíèâåðñàëüíàÿ âûñåâàþùàÿ ñèñòåìà âèáðîäèñêðåòíîãî äåéñòâèÿ, óñòðîéñòâî äëÿ 
ñîçäàíèÿ ïëîòíîãî ëîæà ìåæäó ñåìåíàìè è óäîáðåíèÿìè, ñíèæåíèå ýíåðãîðåñóðñîâ, äèíàìè÷åñêèé âåñ, ñêî-
ðîñòü èñòå÷åíèÿ ìàòåðèàëîâ. 

The science-intensive resource-saving technology of sowing seeds of various agricultural crops with simultaneous 
non-contact application of seeds and fertilizers in conditions of insufficient moistening with the use of created con-
trolled system blocks to sowing and tillage machines and aggregates has been developed. Seeds and fertilizers are 
placed at different depths of the embankment with the creation of a compacted soil bed for seeds, performed in the 
subsoil horizon in accordance with agrotechnical requirements. To reduce energy processes in soil cultivating and 
sowing machines, electrical or electronic analogs are introduced or completely replaced in mechanical devices, con-
trol of which is provided by subsystems of frequency control of working processes adapted to the properties of seeds 
and the conditions of operation of the units. In the process of sowing, the seeds, fertilizer and prepared seedbed with 
the given agro-technical conditions are exposed to a frequency field that changes both the boundary and the bulk 
forces that arise in the modes of technological processes. The working hypothesis is taken that the uniformity of the 
simultaneous sowing of seeds and fertilizers with different sowing rates can be achieved by bringing the density of 
materials to the identical view in the field of vibration, providing a stable flow of velocity of the material and the 
uniformity of its mass flow rate. Certain parameters of the working organs that perform agrotechnical processes with 
the vibration of technical systems during the sowing of materials and the creation of a compacted bed for seeds are 
determined. Certain parameters of the working bodies that perform agrotechnical processes with the vibration of 
technical systems during the sowing of materials and the creation of a compacted bed for seeds are determined. There 
are presented variants of the developed technological devices, both newly created and retrofitted existing batteries 
with spherical disks equipped with hydropneumatic cylinders, providing damping of vibrations of working elements 
to reduce uniformity of the seedbed. The levels of compliance of the indicators of technological processes performed 
by the developed devices, to agrotechnical requirements for sowing are shown.
Keywords: vibration, universal sowing system of vibro-discrete action, device for creating a dense bed between seeds 
and fertilizers, reducing energy resources, dynamic weight, speed of expiration of materials.
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 Ââåäåíèå
Â ñîñòàâ èííîâàöèé âõîäÿò óíèâåðñàëüíûå 

âûñåâàþùèå ñèñòåìû âèáðîäèñêðåòíîãî äåé-
ñòâèÿ, ðÿä óñòðîéñòâ äëÿ ñîçäàíèÿ ïëîòíîãî 
ëîæà ìåæäó ñåìåíàìè è óäîáðåíèÿìè è ïîäñè-
ñòåìû ÷àñòîòíîãî óïðàâëåíèÿ ðàáî÷èìè ïðî-
öåññàìè, àäàïòèðîâàííûìè ê ñâîéñòâàì ñåìÿí 
è óñëîâèÿì ôóíêöèîíèðîâàíèÿ. Äëÿ ñèíòåçà 
ðàáî÷èõ îðãàíîâ èñïîëüçîâàíà òåîðèÿ ðåãóëè-
ðîâàíèÿ, ïîçâîëÿþùàÿ çàìåíèòü ìåõàíè÷åñêèå 
óñòðîéñòâà íà ýëåêòðè÷åñêèå è ýëåêòðîííûå 
àíàëîãè ñ öåëüþ ñíèæåíèÿ ýíåðãîïðîöåññîâ â 
ïî÷âîîáðàáàòûâàþùèõ è ïîñåâíûõ ìàøèíàõ.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

íàóêîåìêîé ðåñóðñîñáåðåãàþùåé òåõíîëîãèè 
ïîñåâà ñåìÿí ðàçëè÷íûõ ñåëüñêîõîçÿéñòâåí-
íûõ êóëüòóð ñ îäíîâðåìåííûì íåêîíòàêòíûì 
âíåñåíèåì ñåìÿí è óäîáðåíèé â óñëîâèÿõ íå-
äîñòàòî÷íîãî óâëàæíåíèÿ ñ èñïîëüçîâàíèåì 
ñîçäàííûõ óïðàâëÿåìûõ ñèñòåìíûõ áëîêîâ ê 
ïîñåâíûì è ïî÷âîîáðàáàòûâàþùèì ìàøèíàì è 
àãðåãàòàì.

Ìàòåðèàëû è ìåòîäû
Âûñåâ ñåìÿí è óäîáðåíèé îñóùåñòâëÿåòñÿ 

óíèâåðñàëüíîé âûñåâàþùåé ñèñòåìîé âèáðîäè-
ñêðåòíîãî äåéñòâèÿ (ðèñ. 1). Â îñíîâå ñîçäàíèÿ 
âèáðàöèîííîãî àïïàðàòà ïðèíÿòî ïîëîæåíèå î 
òîì, ÷òî ñûïó÷åå òåëî ïðè èñòå÷åíèè èç áóí-
êåðà íàõîäèòñÿ ïîä âîçäåéñòâèåì äîïîëíèòåëü-
íûõ âèáðàöèîííûõ âíåøíèõ ñèë, èçìåíÿþùèõ 
êàê ãðàíè÷íûå, òàê è îáúåìíûå ñèëû ýòîãî 
òåëà. Â ÷àñòíîñòè, ïëîòíîñòü âûñåâàåìîãî ìà-
òåðèàëà èçìåíÿåòñÿ ïî âåëè÷èíå è íàïðàâëåí-
íîñòè [1].

Ïîýòîìó áûëà ïðåäïðèíÿòà ðàáî÷àÿ ãèïî-
òåçà î òîì, ÷òî ðàâíîìåðíîñòü îäíîâðåìåííî-
ãî âûñåâà ñåìÿí è óäîáðåíèé ñ ðàçëè÷íûìè 
íîðìàìè âûñåâà ìîæåò áûòü äîñòèãíóòà ïóòåì 
ïðèâåäåíèÿ äèíàìè÷åñêîãî âåñà ìàòåðèàëîâ ê 
èäåíòè÷íîìó âèäó â âèáðàöèîííîì ïîëå, îáå-
ñïå÷èâàþùåì óñòîé÷èâîå ïðîòåêàíèå ñêîðî-
ñòè èñòå÷åíèÿ ìàòåðèàëà è ðàâíîìåðíîñòè åãî 
ìàññîâîãî ðàñõîäà.

Ïðè âîçäåéñòâèè íà èñòåêàþùèé ïîòîê ìà-
òåðèàëà èç áóíêåðà äîïîëíèòåëüíûìè óñêî-
ðåíèÿìè j òåëî ïðèâîäèòñÿ â íåêîòîðîå íîâîå 
ïîëå òÿãîòåíèÿ, êàê áû îòëè÷íîå îò ïîëÿ òÿ-
ãîòåíèÿ Çåìëè. Ïëîòíîñòü  ñûïó÷åãî òåëà 
â ýòîì ïîëå òÿãîòåíèÿ áóäåò ìåíüøå, ÷åì 
îáû÷íî, åå ïðèíÿòî íàçûâàòü åãî äèíàìè÷å-
ñêèì îáúåìíûì âåñîì d [2–4], êîòîðûé îïðåäå-
ëÿåòñÿ ïî çàâèñèìîñòè:

2

1 ,
j

q

 
    

 

ãäå  – ïëîòíîñòü, êã/ì3; j – âíåøíåå óñêîðåíèå, 
ïðèäàâàåìîå ñûïó÷åìó òåëó, ì/ñ2; q – óñêîðå-
íèå ñâîáîäíîãî ïàäåíèÿ, ì/ñ2.

Ïðàêòè÷åñêè èçìåíåíèå ïëîòíîñòè äîñòèãà-
åòñÿ èçìåíåíèåì ñèëû è íàïðàâëåííîñòè âíåø-
íåãî óñêîðåíèÿ âèáðàòîðîì àïïàðàòà âèáðî-
äèñêðåòíîãî äåéñòâèÿ [1]. Ïðèâîäÿ ïëîòíîñòè 
ðàçëè÷íûõ òåë ê îäíîçíà÷íûì äèíàìè÷åñêèì, 
ìîæíî ðåøèòü çàäà÷ó ñîçäàíèÿ åäèíîãî óíè-
âåðñàëüíîãî âûñåâàþùåãî àïïàðàòà äëÿ ëþáûõ 
ñåëüñêîõîçÿéñòâåííûõ êóëüòóð è óäîáðåíèé 
[5].

Áûëî óñòàíîâëåíî, ÷òî ðàñøèðåíèå òåõíî-
ëîãè÷åñêèõ âîçìîæíîñòåé âûñåâàþùåé ñèñòå-
ìû äîñòèãàåòñÿ â ðåçóëüòàòå äèíàìè÷åñêîãî 
ðàâíîâåñèÿ ìåæäó äàâëåíèåì ñåìÿí, íàêîïëåí-
íûõ â äîçàòîðå, è óïðóãèìè ñèëàìè çàòâîðà. 
×àñòîòà êîëåáàíèé çàòâîðà çàâèñèò îò ÷àñòîòû 
äàò÷èêà ñêîðîñòè äâèæåíèÿ ñåÿëêè, à äëèòåëü-
íîñòü ïîñòîÿííîãî èìïóëüñà îïðåäåëÿåò àì-
ïëèòóäó îòêëþ÷åíèÿ çàòâîðà.

Îïðåäåëåíû ãðàíèöû óñòîé÷èâîñòè ðåæèìà 
èñòå÷åíèÿ ñåìÿí ðàçëè÷íûõ êóëüòóð è âèäîâ 
óäîáðåíèé, îáåñïå÷èâàþùèõ çàäàííûå íîðìû 
âûñåâà.

Ðàâíîìåðíîñòü âûñåâà çàäàííîé íîðìû 
âûñåâà ñåìÿí è óäîáðåíèé â ñîîòâåòñòâèè ñ 
àãðîòåõíè÷åñêèìè òðåáîâàíèÿìè ðàññìàòðè-
âàëàñü â ïîñòîÿíñòâå (óñòîé÷èâîñòè ìàññîâîãî 
ðàñõîäà âûñåâàåìîãî ìàòåðèàëà â åäèíèöó âðå-
ìåíè). Ìàññà âûäåëåííîãî ýëåìåíòà, êã:

 Ðèñ. 1. Óíèâåðñàëüíûé âèáðîàïïàðàò 
äëÿ âûñåâà ñåìÿí è óäîáðåíèé
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,
S h

m
q

 


ãäå S – ïëîùàäü îñíîâàíèÿ âûãðóçíîãî îòâåð-
ñòèÿ, ì2; h – âûñîòà ýëåìåíòàðíîãî îáúåìà âû-
ñåâàåìîãî ìàòåðèàëà, ì;  – ïëîòíîñòü, êã/ì3.

Ñðåäíåå çíà÷åíèå íàïðÿæåíèÿ 
ñð

 íà ïëà-
ñòèíó âèáðàòîðà:

ñð ,R  

ãäå R
L


  – ãèäðàâëè÷åñêèé ðàäèóñ îòâåð-

ñòèÿ:
21

[3] 2 1f f
f

     .

Çäåñü f – êîýôôèöèåíò âíóòðåííåãî òðåíèÿ.
Íà ðèñ. 2 ïðåäñòàâëåíî ñðåäíåå çíà÷åíèå òå-

îðåòè÷åñêîãî äàâëåíèÿ íà ïëàñòèíó-âèáðàòîð 
äëÿ ñåìÿí ïøåíèöû, ëüíà è óäîáðåíèé (ñåëè-
òðû).

Èç ãðàôèêà âèäíî, ÷òî ñðåäíåå çíà÷åíèå 
äàâëåíèÿ íà ïëàñòèíó âûïóñêíîãî îòâåðñòèÿ 
äëÿ ñåìÿí ïøåíèöû ñ âûñîòîé ñëîÿ ðàñòåò íå-
çíà÷èòåëüíî, à äëÿ óäîáðåíèé äàâëåíèå âîçðàñ-
òàåò ïî÷òè â äâà ðàçà, ò.ê. êîýôôèöèåíò òðåíèÿ 
f ó ñåëèòðû ñîñòàâëÿåò 0,85…1,0, à äëÿ ïøåíè-
öû 0,47…0,73; ïëîòíîñòü ñåëèòðû ñîñòàâëÿåò 
800…1000 êã/ì3, à ïøåíèöû 650…810 êã/ì3.

Êîýôôèöèåíò ïîäâèæíîñòè ìàòåðèàëà îïðå-

äåëÿåòñÿ ïî ñîîòíîøåíèþ ï

R
m

f


 , èëè Ñ

f


. 

Ñëåäîâàòåëüíî, ïðè áîëüøîì êîýôôèöèåíòå 
òðåíèÿ ïîäâèæíîñòü ìàòåðèàëà è ñêîðîñòü åãî 
èñòå÷åíèÿ ñíèæàþòñÿ. Ïîýòîìó îáðàçîâàíèå 
ñâîäîâ â ñëîå âûñåâàåìûõ ÷àñòèö óäîáðåíèé 

ïðîèñõîäèò áûñòðåå. Ñêîðîñòü èñòå÷åíèÿ ìà-
òåðèàëîâ ìîæåò áûòü ïîëó÷åíà ïî çàâèñèìîñòè 
[2]:

0 2 2
P

V g R g
S

   


,

ãäå  – êîýôôèöèåíò èñòå÷åíèÿ ( = 0,67 – äëÿ 
ïøåíèöû;  = 0,44 – äëÿ ñóïåðôîñàòà).

Ðåçóëüòàòû èññëåäîâàíèÿ
Íàìè àíàëèòè÷åñêè è ïðàêòè÷åñêè óñòà-

íîâëåíî, ÷òî âñå âèäû ñåëüñêîõîçÿéñòâåííûõ 
êóëüòóð â âèáðàöèîííîì ïîëå ïðèîáðåòàþò 
ñîáñòâåííûå ñêîðîñòè èñòå÷åíèÿ èç áóíêåðîâ, 
çàâèñèìûå íå îò ìåõàíè÷åñêèõ ðàçìåðîâ, à, 
ñêîðåå, îò ôèçè÷åñêèõ ñâîéñòâ: ïëîòíîñòè д; 
êîýôôèöèåíòà òðåíèÿ f; íà÷àëüíîãî ñîïðîòèâ-
ëåíèÿ ñäâèãó 

0
 [1].

Èñõîäÿ èç ïîëó÷åííûõ ðåçóëüòàòîâ èññëå-
äîâàíèé óñòàíîâëåíî, ÷òî ôèçè÷åñêèå ñâîéñòâà 
ñåìÿí è óäîáðåíèé ñëåäóåò ðàçäåëÿòü ïî ïðèí-
öèïó èõ ñêîðîñòåé èñòå÷åíèÿ èç áóíêåðîâ.

Ïîëó÷åííûå ïî ïðåäñòàâëåííûì çàâèñèìî-
ñòÿì äàííûå ïîêàçàëè, ÷òî ñêîðîñòè èñòå÷å-
íèÿ íàõîäÿòñÿ â ïðåäåëàõ çåðíîâûõ êóëüòóð: 
3,15…3,66 ì/ñ; ÿ÷ìåíÿ 4,37…5,16 ì/ñ; ãðå÷èõè è 
ëüíà 5,16 ì/ñ; ïðîñà 5,3 ì/ñ; ðèñà 4,7 ì/ñ; ëüíà 
5,16 ì/ñ. Äëÿ âûñåâà óäîáðåíèé ýòè çíà÷åíèÿ 
ñëåäóþùèå: äëÿ ñóïåðôîñôàòà 3,5 ì/ñ; ñåëèòðû 
4,19 ì/ñ.

Ïîñêîëüêó èçìåíèòü ôèçè÷åñêèå ñâîéñòâà 
ìàòåðèàëîâ íåâîçìîæíî, òî òåõíè÷åñêè âïîëíå 
äîïóñòèìî ðåàëüíîå èçìåíåíèå äèíàìè÷åñêîãî 
îáúåìíîãî âåñà ïðè îáåñïå÷åíèè ñîîòíîøåíèÿ 
j/q â çàäàííîì íàïðàâëåíèè. Ñîãëàñíî íàøèì 

Ðèñ.  2. Ñðåäíåå òåîðåòè÷åñêîå äàâëåíèå íà ïëàñòèíó-âèáðàòîð 
äëÿ ñåìÿí ïøåíèöû, ëüíà è óäîáðåíèé (ñåëèòðà)
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èññëåäîâàíèÿì, äëÿ ñåëüñêîõîçÿéñòâåííûõ 
êóëüòóð ñîîòíîøåíèå j/q íå ïðåâûøàåò 1,3…2,0. 
Â êîíêðåòíîì ñëó÷àå ýòî ñîîòíîøåíèå äîñòè-
ãàåòñÿ ïðè ÷àñòîòå âèáðàòîðà 6 Ãö.

Ïîñåâ ñåìÿí è óäîáðåíèé â óñëîâèÿõ íåäî-
ñòàòî÷íîãî óâëàæíåíèÿ ïî÷âû ñîïðîâîæäàåòñÿ 
ïðîñûïàíèåì ñåìÿí â ïîðû ê óäîáðåíèÿì, ÷òî 
ïðèâîäèò ê îáæèãàíèþ ïðîðîñòêîâ â àãðåñ-
ñèâíîé ñðåäå. Àãðîòåõíè÷åñêèìè òðåáîâàíè-
ÿìè ïðåäóñìîòðåíà íåîáõîäèìîñòü âåëè÷èíû 
ïîäïî÷âåííîé ïðîñëîéêè ìåæäó ñåìåíàìè è 
óäîáðåíèÿìè íå ìåíåå 5 ñì. Â ïåðåñóøåííîé 
ïî÷âå ñåìåíà èùóò íåîáõîäèìóþ ïëîòíîñòü 
ïî÷âû 1…1,2 ã/ñì3 äëÿ óêîðåíåíèÿ, ÷òî ðåçêî 
ñíèæàåò ðàâíîìåðíîñòü èõ ïåðâîíà÷àëüíîé 
ãëóáèíû ïîñåâà îò çàäàííîé äî 2…2,5 ñì. Â 
ñâÿçè ñ ýòèì ïîÿâëÿåòñÿ «íåäîãîí» ðàñòåíèé â 
ìàññå ïîñåâà, êîãäà áîëåå çàãëóáëåííûå ñåìåíà 
ïîÿâëÿþòñÿ íà äíåâíóþ ïîâåðõíîñòü ïîçæå 
îñòàëüíûõ, ÷òî ðåçêî ñíèæàåò êàê ãîòîâíîñòü 
ðàñòåíèé ê óáîðêå óðîæàÿ, òàê è èõ ïðîäóêòèâ-
íîñòü.

Ïîâûøåíèå êà÷åñòâà ïîñåâà îäíîâðåìåííî-
ãî âíåñåíèÿ ñåìÿí è óäîáðåíèé íà ðàçëè÷íóþ 
ãëóáèíó äîñòèãàåòñÿ ñîâåðøåíñòâîâàíèåì ñïî-
ñîáà ïîñåâà, âêëþ÷àþùåãî âèáðàöèîííîå ñîç-
äàíèå ïî÷âåííîé ïðîñëîéêè ìåæäó ñåìåíàìè è 
óäîáðåíèÿìè ñ ðàçðàáîòêîé êîíñòðóêöèé, ñïî-
ñîáíûõ âûïîëíÿòü òàêîé ïðîöåññ.

Â ñîîòâåòñòâèè ñ ïîëó÷åííûìè ðåçóëüòà-
òàìè òåîðåòè÷åñêèõ èññëåäîâàíèé è âûâîäàìè 
äëÿ ðåàëèçàöèè â ñåëüñêîå õîçÿéñòâî ïðåä-
ëîæåíû äâà óñòðîéñòâà äëÿ áåñêîíòàêòíîãî 
ïîñåâà ñåìÿí è óäîáðåíèé: ïåðâûé íà îñíîâå 
áàòàðåè ñî ñôåðè÷åñêèìè äèñêàìè è âòîðîé – 
ýëåêòðîâèáðàòîð ñ óïðóãèì âèáðàòîðîì, ïðåä-
íàçíà÷åííûé äëÿ êîìáèíèðîâàííûõ ïî÷âîî-
áðàáàòûâàþùå-ïîñåâíûõ àãðåãàòîâ, ó êîòîðûõ 
ïðåäïîëàãàåòñÿ ïðîâåäåíèå îäíîâðåìåííîé 
ïðåäïîñåâíîé îáðàáîòêè ïî÷âû, íåêîíòàêòíîãî 
âíåñåíèÿ ñåìÿí è óäîáðåíèé (ðèñ. 3 è 4).

Äëÿ ðåàëèçàöèè â ñåëüñêîå õîçÿéñòâî 
ïðåäëàãàåòñÿ óñòðîéñòâî äëÿ áåñêîíòàêòíîãî 
ïîñåâà ñåìÿí è óäîáðåíèé íà îñíîâå áàòàðåè 
ñî ñôåðè÷åñêèìè äèñêàìè. Íåäîñòàòêîì ñôå-
ðè÷åñêèõ äèñêîâ ÿâëÿåòñÿ íåðàâíîìåðíîå ïîä-
ðåçàíèå äíà áîðîçäû ñ îñòàâëåíèåì æåëîáêîâ 
è ãðåáíåé. Ïðåäëàãàåòñÿ âíîñèòü óäîáðåíèÿ â 
æåëîáêè äíà áîðîçäû, à íà ãðåáíÿõ äíà áîðîç-
äû ñåÿòü ñåìåíà ïðè ýòîì íà ãðåáíè âîçäåé-
ñòâóåò äåìïôèðóþùèå óñòðîéñòâà äëÿ îáåñïå-
÷åíèÿ íåîáõîäèìîé ïëîòíîñòè ïî÷âû (ðèñ. 3).

Ïîñòàâëåííàÿ çàäà÷à ðåøàåòñÿ òåì, ÷òî 
óñòðîéñòâî, ñîäåðæàùåå âàë ñî ñôåðè÷åñêèìè 
äèñêàìè, âêëþ÷àåò ðåññîðû ñ ñîøíèêîâîé ñåê-
öèåé, à ðàìà ñåÿëêè ñíàáæåíà ãèäðîïíåâìîöè-
ëèíäðîì, îáåñïå÷èâàþùèì äåìïôèðîâàíèå êî-
ëåáàíèé óñòðîéñòâà.

Óñòðîéñòâî äëÿ áåñêîíòàêòíîãî ïîñåâà 
ñåìÿí è óäîáðåíèé (ñì. ðèñ. 3) ðàáîòàåò ñëåäó-
þùèì îáðàçîì. Ñôåðè÷åñêèå äèñêè 2, âðåçàÿñü 
â çåìëþ, ñîçäàþò áîðîçäêè, êóäà èç òóêîïðîâî-
äîâ 3 ïîïàäàþò óäîáðåíèÿ. Ñîøíèêè 5 îáåñïå-
÷èâàþò âûñåâ ñåìÿí ìåæäó áîðîçäêàìè, îáðà-
çóåìûìè ñôåðè÷åñêèìè äèñêàìè 2. 

Âòîðîé âàðèàíò óñòðîéñòâà äëÿ áåñêîíòàêò-
íîãî ïîñåâà ñåìÿí è óäîáðåíèé ïðåäíàçíà÷åí 
äëÿ êîìáèíèðîâàííûõ ïî÷âîîáðàáàòûâàþùå-
ïîñåâíûõ àãðåãàòîâ, ó êîòîðûõ ïðåäïîëàãàåòñÿ 
ïðîâåäåíèå îäíîâðåìåííîé ïðåäïîñåâíîé îá-
ðàáîòêè ïî÷âû, âíåñåíèÿ ñåìÿí è óäîáðåíèé, â 
÷àñòíîñòè äëÿ ñåÿëêè ÑÇÄ-4Ó (ðèñ. 4 è 5).

Óñòðîéñòâî (ñì. ðèñ. 4), ïðåäíàçíà÷åííîå 
äëÿ îäíîâðåìåííîãî áåñêîíòàêòíîãî ïîñåâà 
ñåìÿí è óäîáðåíèé, ñîçäàíèÿ óïëîòíåííîé 
ïî÷âåííîé ïðîñëîéêè ìåæäó ñåìåíàìè è óäî-
áðåíèÿìè, âêëþ÷àåò â ñåáÿ ëàïîâûé ñîøíèê, 
ñîñòîÿùèé èç ñòîéêè 2 è òóêîïðîâîäà 3, âè-
áðîóñòðîéñòâî â âèäå Ñ-îáðàçíîé ïëàñòèíû-
ëîæåîïðîàçîâàòåëÿ 4 è ýëåêòðîïðèâîäà 5 ñ 
äîïîëíèòåëüíûì ãðóçîì 6. Êðîìå òîãî, ïîñðåä-
ñòâîì ñîåäèíèòåëüíûõ êðîíøòåéíîâ ê ðàìå 

Ðèñ. 3. Óñòðîéñòâî äëÿ áåñêîíòàêòíîãî ïîñåâà ñåìÿí 
è âíåñåíèÿ óäîáðåíèé íà ðàçíûå ãëóáèíû: 

1 – âàë; 2 – ñôåðè÷åñêèé äèñê; 3 – òóêîïðîâîä; 
4 – ñåìÿïðîâîä; 5 – ñîøíèê; 6 – íîñêè; 

7 – êðîíøòåéí; 8 – ñîøíèêîâàÿ ñåêöèÿ; 9 – ðàìà; 
10 – ïíåâìîãèäðîöèëèíäð



Õàðàêòåðèñòèêà íîâàöèé ðàáî÷èõ îðãàíîâ äëÿ ïîñåâà â òåõíîëîãèè áåçîòâàëüíîé îáðàáîòêè ïî÷âû è ïîñåâà
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òåëåæêè 1 æåñòêî çàêðåïëåí ñåìÿïðîâîä 7. Â 
ïðîöåññå ðàáîòû Ñ-îáðàçíàÿ ïëàñòèíà-ëîæå-
îáðàçîâàòåëü 4 ïîãðóæàåòñÿ íà çàäàííóþ ãëó-
áèíó ïîñåâà ïîçàäè è ñâåðõó ëàïîâîãî ñîøíè-
êà; ðåæèìû è ïàðàìåòðû êîëåáàíèé ïëàñòèíû 
îáåñïå÷èâàþò îïòèìàëüíóþ ïëîòíîñòü ïîäïî-
÷âåííîé ïðîñëîéêè ìåæäó ñåìåíàìè è óäîáðå-
íèÿìè â äèàïàçîíå 1,0…1,2 ã/ñì3.

Ëàáîðàòîðíûå èññëåäîâàíèÿ ïðîâåäåíû íà 
ëàáîðàòîðíîì ïîñåâíîì ïåðåäâèæíîì àãðåãàòå 
ñ âèáðîýëåêòðîïðèâîäîì ñ íàñûïíûì ïî÷âåí-
íûì ãðóíòîì, ìåõàíèçìîì ïðèâîäà êîëåáà-
òåëüíîãî ðåæèìà ïëàñòèíû-ëîæåîáðàçîâàòåëÿ 
è ðåãèñòðèðóþùåãî óñòðîéñòâà.

Â õîäå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé 
ïî ïðîøåñòâèè äâóõ íåäåëü áûëà îïðåäåëåíà 
ðàâíîìåðíîñòü ãëóáèíû ïîñåâà ñ âèáðàöèåé è 
áåç íåå (ðèñ. 6). 

Çàâèñèìîñòè ðàâíîìåðíîñòè ãëóáèíû çà-
äåëêè ñåìÿí ñ âèáðàöèåé ïîëíîñòüþ âûïîëíÿ-
þò àãðîòåõíè÷åñêèå òðåáîâàíèÿ, à áåç âèáðà-
öèè ñåìåíà ìîãóò ïðîíèêàòü â ëîæå íà ãëóáèíó 
îò 2 äî 6 ñì.

Âèçóàëüíî îòìå÷åí «íåäîãîí» ðàñòåíèé äî 
30 % (± 2 ñì) â îïûòàõ áåç ïðèìåíåíèÿ âèáðà-
öèè, ÷òî ñîâåðøåííî íåäîïóñòèìî.

Èç àíàëèçà óðàâíåíèé ðåãðåññèè ïîêàçàòå-
ëÿ ïëîòíîñòè ïî÷âû ïðè èñïîëüçîâàíèè äâóõ 

Ðèñ. 4. Ñõåìà ëàáîðàòîðíîé óñòàíîâêè äëÿ óïðàâëÿåìîãî óïëîòíåíèÿ ñåìåííîãî ëîæà: 
1 – ðàìà; 2 – ñòîéêà; 3 – òóêîïðîâîä; 4 – Ñ-îáðàçíàÿ ïëàñòèíà-ëîæåîáðàçîâàòåëü; 

5 – ýëåêòðîïðèâîä; 6 – äîïîëíèòåëüíûé ãðóç; 7 – ñåìÿïðîâîä

Ðèñ. 5. Âàðèàíòû âèáðîóïëîòíèòåëÿ äëÿ áåñêîíòàêòíîãî ïîñåâà ñåìÿí è óäîáðåíèé
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ðåññîð ñëåäóåò, ÷òî ïðè ýêñöåíòðèñèòåòå â 
5 ìì äëÿ äîñòèæåíèÿ çàäàííîé ïëîòíîñòè 
ïî÷âû íåîáõîäèìî óâåëè÷èòü ÷àñòîòó âðàùå-
íèÿ äåáàëàíñà äî 50 Ãö, à ïðè îòêëîíåíèè íà 
8 ìì – äîñòàòî÷íà ÷àñòîòà âèáðàöèè â 40 Ãö. 
Ïðè ýòîì çíà÷åíèå ìàññû ãðóçà ñóùåñòâåííî 
íå èçìåíÿåòñÿ, à ñàì ïîêàçàòåëü ïëîòíîñòè 
ïî÷âû ïðè îòêëîíåíèè ýêñöåíòðèêà äî 8 ìì 
ìåíåå çàâèñèò îò âíåøíèõ âîçìóùåíèé.

Âûâîäû
Èñïîëíèòåëüíûå ïîäñèñòåìû ìàêåòíûõ 

(ïèëîòíûõ) îáðàçöîâ ìíîãîôóíêöèîíàëüíûõ 
ñåÿëîê äëÿ ðåàëèçàöèè ñîçäàííîé òåõíîëîãèè 
âûïîëíåíû ñ èñïîëüçîâàíèåì íîâûõ ïðèíöè-
ïîâ èõ ðàáîòû, ïîçâîëÿþùèõ óïðàâëÿòü ðå-
æèìàìè òåõíîëîãè÷åñêèõ îïåðàöèé ìèêðî-
ýëåêòðîííîé ñèñòåìîé óïðàâëåíèÿ, êîòîðàÿ 
îáåñïå÷èâàåò ïîâûøåíèå ïðîèçâîäèòåëüíîñòè 
òðóäà â 1,6…1,8 ðàçà, ñíèæåíèå óäåëüíîé ýíåðãî-
åìêîñòè äî 45 % è ìàòåðèàëîåìêîñòè äî 40 %.

Ëèòåðàòóðà
1. Áåñïàìÿòíîâà Í.Ì. Êîëåáàíèÿ è âèáðàöèè â 

òåõíîëîãè÷åñêèõ ïðîöåññàõ ïî÷âîîáðàáàòûâàþ-
ùèõ è ïîñåâíûõ ìàøèí è àãðåãàòîâ. Çåðíîãðàä: 
ÂÍÈÏÒÈÌÝÑÕ, 2008. 224 ñ. 

2. Õàêåí Ã. Ñèíåðãåòèêà. Ì.: Ìèð, 1980. 404 ñ.
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